The objective of this study was to determine the species spectrum of ixodid ticks infesting birds in Free State Province, South Africa. To this end a large number of birds belonging to several species were examined for ticks and a total of 180 birds belonging to 39 species at 17 localities were infested, and ticks belonging to eight species were recovered. The immature stages of only two, namely Amblyomma marmoreum and Hyalomma marginatum rufipes, were sufficiently prevalent and numerous to safely assume that they regularly use birds as hosts. Helmeted guineafowls, Numida meleagris, were the most heavily infested and one harboured a total of 319 larvae and four nymphs. Amongst the other species an eastern clapper lark, Mirafra fasciolata, was infested with 69 larvae and a nymph, but no other bird harboured more than 40 ticks. The larvae and nymphs of H. m. rufipes were most numerous on birds from April to August
INTRODUCTION
Despite the small size of most birds their capacity for rapid and maintained population growth can contribute significantly to the demography of those tick spe cies that use them as hosts. Certain species daily fly considerable distances, and may alight in diverse habitats during such flights, thus enhancing their potential for the acquisition, transport and dissemination of ticks. Furthermore, the seasonal migratory species cover considerable distances in a relatively short period of time and can therefore transport ticks from one country or even continent to another (Hoogstraal, Kaiser, Traylor, Gaber & Guindy 1961) . Hoogstraal et al. (1961) were infested, and those that were, harboured only small numbers of ticks. In con trast, it would appear as if a large proportion of migratory and non-migratory ground-frequenting birds in rural and wildlife regions of South Africa are infested. The individual burdens of those species commonly referred to as game birds, namely guineafowls, spur fowls and francolins, may be large, often exceeding 100 and sometimes 1 000 immature ticks (Horak, Spickett, Braack & Williams 1991b; Uys & Horak 2005 ).
Few of the migratory birds examined in Egypt by
In southern Africa, the adults of four tick species, Haemaphysalis hoodi, Ixodes pterodromae, Ixodes theilerae and Ixodes uriae prefer birds as hosts (Walker 1991) . The adults of two other species, Hyalomma marginatum rufipes and Rhipicephalus turan icus, although they usually infest mammals, may infest ostriches, and those of the latter tick, also the larger raptors (Theiler 1962; Norval 1982; Walker, Keirans & Horak 2000) . Birds, however, serve as hosts of the immature stages of a number of tick species (Theiler 1962 (Horak & Williams 1986; Rechav, Zeederberg & Zeller 1987; Horak et al. 1991b (Norval 1975; Norval 1982; Horak & Boomker 1998; Horak, Fourie, Novellie & Williams 1991a) .
Because the adults of Hyalomma spp. are often the cause of lameness in small domestic stock (Kok & Fourie 1995) , and those of Ixodes rubicundus and Rhipicephalus warburtoni of toxin-induced paralysis in these animals (Fourie, Horak & Marais 1988; Fourie, Petney, Horak & De Jager 1989) , a number of surveys to determine the host spectrum of these ticks in Free State Province, South Africa were conducted. Several birds were examined during these surveys, while other birds were examined for ticks when ringed by one of us (DJVN). This paper pre sents the findings of these investigations and discusses the role played by birds as hosts of the immature stages of ixodid ticks in South Africa.
MATERIALS AND METHODS
Ticks were collected from birds at various localities in Free State Province, South Africa (Table1). The names of the birds and the sequence in which they are listed follow Maclean (1993) , and their common names are those recorded by Hockey, Dean & Ryan (2005) . Larger birds were processed for tick recovery as described by Horak & Williams (1986) and smaller birds as described by Horak et al. (1991a) . When live birds were ringed the head, neck, body, wings and tail were carefully examined with the naked eye and all visible ticks collected. Excluding the ticks from one of the helmeted guineafowls, which was particularly heavily infested, the mean monthly burdens of immature H. m. rufipes were calculated irrespective of the year in which the birds were examined.
RESULTS AND DISCUSSION
The species and numbers of birds examined and the species and numbers of ticks they harboured are summarized in Table 2 . The immature stages of eight ixodid tick species were recovered from 180 birds belonging to 39 species. Larvae and nymphs of H. m. rufipes were the most numerous and prevalent, followed by the larvae of A. marmoreum. A single helmeted guineafowl in the Willem Pretorius Nature Reserve harboured the largest infestation of both species, with 209 larvae and a nymph of A. marmoreum and 106 larvae and three nymphs of H. m. rufipes. In addition it was also infested with three larvae of Rhipicephalus evertsi evertsi and a single larva of Rhipicephalus gertrudae. With the exception of an eastern clapper lark, Mirafra fasciolata, at Glen Agricultural College, which harboured 69 larvae and a nymph of H. m. rufipes, and four other birds that each harboured 20 or more larvae and nymphs, no bird was infested with more than 20 ticks.
Amblyomma marmoreum
Infestation with this tick was most prevalent on helmeted guineafowls in the Willem Pretorius Nature Reserve, and four of the six birds examined were infested. Fifteen smaller birds belonging to 11 species were also examined in this reserve, but not one was infested. Of the 170 birds, other than helmeted guineafowls, examined elsewhere in the province, 35 were infested and their individual burdens never exceeded five ticks.
Adult A. marmoreum, colloquially known as the South African tortoise tick, infests tortoises, and more particularly the leopard tortoise, Geochelone pardalis as hosts (Horak, McKay, Heyne & Spickett 2006) . The immature stages infest tortoises, some of the larger reptiles, a large number of bird species, hares, antelopes, carnivores and domestic livestock (Norval 1975; Horak & Fourie 1991; Horak et al. 1991a; Horak, Braack, Fourie & Walker 2000) . Helmeted guineafowls appear to be good hosts of the larvae of this tick. In previous surveys several of them harboured more than 50 larvae with 585 being the largest number recovered. However, the number of nymphs rarely exceeded five (Horak & Williams 1986; Horak et al. 1991b) . Thirteen of 16 helmeted guineafowls examined in an earlier study in the Mountain Zebra National Park, Eastern Cape Prov-ince were infested, but not one of 27 smaller birds belonging to five other species (Horak et al. 1991a) . Other game birds that are regularly infested, and of which individuals may harbour large burdens, are francolins and spurfowls (Horak & Boomker 1998; Uys & Horak 2005) .
Smaller birds are either less exposed to the larvae of A. marmoreum because of their size, or because they spend less time on the ground, or they may be less susceptible. The larvae of this tick quest for hosts from the vegetation , whereas the activity of many of the smaller birds is confined to the soil surface and hence they may not even come into contact with the larvae. Few nymphs are collected from the vegetation by sampling with flannel strips (Spickett, Horak, Van Niekerk & Braack 1992; Horak et al. 2006) , indicating that they probably quest for hosts from the soil surface. This may explain the larger number of nymphs collected from small birds than from helmeted guineafowls ( Table  2) .
Larvae are generally most numerous on the vegetation from late summer to midwinter, and nymphs from spring to midsummer (Norval 1975; Rechav et al. 1987; Spickett et al. 1992; Horak et al. 2006) . The presence of this tick on birds could thus also be expected to be seasonal, but because too few ticks were collected from too few birds this could not be verified.
Hyalomma species
Three tick species belonging to the genus Hyalomma, namely H. truncatum, H. m. rufipes and H. glabrum (H. m. turanicum) are present in South Africa (Walker 1991) . Both H. truncatum and H. m. rufipes are widespread and there is considerable overlap in their distributions (Howell, Walker & Nevill 1978) . Hyalomma glabrum, which until recently was considered to be identical to Asian Hyalomma marginatum turanicum (Apanaskevich & Horak 2006) , has a more restricted distribution (Howell et al. 1978) , and the only region of Free State Province in which there is substantial overlap in the geographic distribution of this tick and that of H. m. rufipes is the south-west (Howell et al. 1978) .
These are all two-host ticks and the immature stages of H. truncatum and H. m. rufipes can readily be differentiated from each other (Arthur 1975a; b) , whereas those of the latter tick and H. glabrum are somewhat similar in appearance (Apanaskevich & Horak 2006) . The only birds examined in the south-west region of the Free State Province were those on the farms "Slangfontein" and "Preezfontein" and in the Tussen-die-Riviere Nature Reserve. Helmeted guinea fowls in the reserve were infested with larvae and nymphs of H. glabrum (Table 2) .
Hyalomma m. rufipes was the most numerous of the ticks recovered and the majority of bird species examined in Free State Province were infested. It was also the most numerous tick collected by Hoogstraal et al. (1961) from birds migrating from East Africa to Europe and to Asia via Egypt. All but seven of the 1 025 immature ticks they collected from 340 birds belonged to this species. In the present survey seven of ten helmeted guineafowls examined were infested and one of these birds harboured the highest individual total for a bird of any species, namely 106 larvae and three nymphs. Helmeted guineafowls are not only the largest birds examined in the present survey, but they also spend most of the day on the ground, making them readily accessible to the larvae of H. m. rufipes. The bare heads and upper necks of these birds are a favoured attachment site for larvae of several tick species (Horak & Williams 1986) (Norval 1982; Rechav et al. 1987; Horak, Swanepoel & Gummow 2002) . They are most numerous on these animals during the summer months (Londt, Horak & de Villiers 1979; Rechav et al. 1987; Fourie, Kok & Heyne 1996; Dreyer, Fourie & Kok 1998) . The immature stages use birds, Cape hares, Lepus capensis and scrub hares, Lepus saxatilis as hosts (Norval 1982; Rechav et al. 1987; Horak & Fourie 1991) , and are most numerous on helmeted guineafowls and hares from late summer to late winter (Rechav et al. 1987; Horak & Fourie 1991) . In the present survey most immature ticks were collected from birds between April and August with a peak in May (Fig. 1) . The discrete separate periods of seasonal occurrence of the adults and the immature stages imply that a single life cycle is completed annually.
Hyalomma m. rufipes is probably the principal vector in South Africa of the virus causing Crimean Congo haemorrhagic fever (Horak et al. 2002; Swanepoel & Burt 2004) . Although certain bird species would seem to be susceptible to experimental infection with the virus and can then transmit it to H. m. rufipes (Zeller, Cornet & Camicas 1994) , according to Swanepoel & Burt (2004) it seems unlikely that this would occur naturally. The larvae and nymphs require 22 days to complete feeding on experimentally infested rabbits (Knight, Norval & Rechav 1978) , and if they require the same length of time to feed on birds, their long-distance translocation is a distinct possibility, particularly on migratory species.
The hosts and seasonal occurrence of adult and immature H. glabrum [at the time considered to be H. m. turanicum by Horak et al. (1991a) ] are similar to those of H. m. rufipes. Its host spectrum is, however, curtailed by the limits of its own distribution in South Africa. The immature stages of H. truncatum infest scrub hares and rodents (Horak et al. 1991a) . If they are found on birds it can safely be assumed that they are 'stragglers' from a heavily contaminated environment.
Other ticks
The remaining five tick species must be considered 'stragglers' and their presence on the birds reflecting local or seasonal abundance rather than host preference. The immature stages of Haemaphysalis leachi and R. gertrudae parasitize murid rodents (Norval 1984; Walker et al. 2000) , and those of I. ru bicundus and R. warburtoni parasitize rock elephant shrews, Elephantulus myurus (Fourie, Horak & Van Den Heever 1992; Walker et al. 2000) . However, an engorged female I. rubicundus was recovered from a red bishop, Euplectes orix. The immature stages of R. e. evertsi prefer domestic and wild equids as hosts, but may also be found on a large variety of other animals, and occasionally also on birds (Walker et al. 2000) .
